Rotaviruses (RV) are the single most important cause of severe diarrheal illness in infants and young children in both developed and developing countries worldwide. Th ey aff ect mainly children less than 24 months of age. Presently, we adapted human rotavirus strains from fi eld materials in cell culture, as well as, studied their properties by the analyses of the cytopathic eff ect, immunofl uorescence features, plaque properties and virus genome stability. Th e study was carried out with 53 rotavirus-positive fecal specimens, collected in the city of Ponta Grossa, Parana, before the introduction of vaccination program in Brazil. Th e samples were submitted to at least 3 blind passages in MA-104 cell culture before discarded as non-cultivable. Th e adaptation process was monitored by the development of the cytopathic eff ect, immunofl uorescence assay, plaque assay and genome stability by reverse transcriptasepolymerase chain reactions amplifi cation. Fourteen human rotavirus strains were adapted to grow in cell culture. Th e isolation was demonstrated by the development of typical cytopathic eff ect. Immunofl uorescence assay revealed granular inclusions with specifi c fl uorescence mainly at the perinuclear area of the infected cells. Plaque assay allowed the demonstration of plaques with varying diameter depending upon the strains. Reverse transcriptase-polymerase chain reactions resulted in amplifi cation and genotyping, demonstrating the stability of the genome through cell culture adaptation.
INTRODUCTION
Group A rotavirus (RVA) is the leading cause of severe childhood gastroenteritis worldwide and accounts for about 2 million hospitalizations and 453000 deaths among young children annually (Tate al. 2012) . Even in industrialized countries such as the Netherlands, with high standards of sanitationand water quality, gastroenteritis morbidity is high among children under four years of age (Friesema et al. 2012 and Doorduyn et al. 2012) .
RV are relevant cause of severe diarrheal illness in children in both developed and developing countries worldwide, they aff ect mainly children less than 24 months of age (Kapikian et al. 2001) , however, adults have been increasingly infected. RV gastroenteritis is responsible for approximately 45% of severe infection in infants and young children worldwide (Parashar et al. 2000) .
Th e viruses are members of the family Reoviridae and are included in the genus Rotavirus. Th e 70 nmvirion is non-enveloped and presents eleven segments of double-stranded RNA that encodes 12 proteins (Pesavento et al. 2006) . RV are classifi ed into seven groups A to G, based on the capsid protein VP6. Group A virus is the major cause of morbidity and mortality, although groups B and C virus also infect humans. Th e group A is also classifi ed into subgroups G and P by seroreactivity and genotyping of VP7 and VP4 proteins, respectively. Currently, 27 G genotypes (G1-G27) and 35 P genotypes (P (Santos & Hoshino, 2005) .
Two vaccines RotaTeq and Rotarix were introduced in immunization programs worldwide, these vaccines cover the most common serotypes found around the world, G1 to G4, but emergence or re-emergence of strains could have an impact in the efficacy of the vaccine and strain diversity (Banyai et al. 2012) The adaptation of wild-virus strain by the isolation and establishment in cell culture is of relevance in the basic and applied virology, especially to evaluate the impact of the vaccine in the circulating wild strains of RV after the introduction of vaccination program. MA-104 cell culture has been considered one of the best substratum for rotavirus adaptation and growth (Estes et al. 1979; Tajima et al. 1984; Takase et al. 1986 ). Once cell culture adaptation is attained, the evaluation of virus-cell interaction can be fulfilled as a model to better understand the infection under the cytopathogenic ground. RV biologic features, the surveillance of new strains, and, furthermore, the knowledge of circulating strains are important for the control of the disease and the success of the vaccine. Therefore, in this work we proposed the isolation and adaptation of human strains of RV from field samples in cell culture. Beyond this, other properties of the isolates were studied.
MATERIALS AND METHODS

Specimens
Fifty-three positive fecal samples were collected in the city of Ponta Grossa, Pr., during the period of May to August of 2003, before the introduction of the RV vaccination program by the Brazilian Health Ministry. They were maintained under refrigeration at the Departamento de Microbiologia. The study protocol was approved by the ethics committee of the Universidade Estadual de Londrina, Londrina, Pr.
The stools were homogenized at 10% (v/v) in phosphate-buffered saline (PBS), pH 7.3, with the aid of glass beads and clarified by centrifugation at 3000xg for 10 min. The resulting supernatant fluids were treated with 200 UI/ml penicillin, 200 μg/ml streptomycin and 10 μg/ml of fungizone, and again centrifuged at 3000xg for 20 min. The supernatant fluids were stocked at -20ºC.
Virus isolation and detection
Seventy percent confluence MA-104 (monkey fetal kidney cell line) cell cultures were used and virus growth was followed by the development of CPE and confirmed with IFA. In both cases, simian RV (SA-11) was used as positive control (Ramos et al. 2000) . Conventional technique was used for plaque assay (PA) with minor modification, as described elsewhere (Lonien et al. 2001 ). For multiplex RT-PCR, the viral RNA was extracted with RNAgents Total Isolation System kit (Promega) and assayed with specific primers for G1 to G4, G9, and G12 genotypes, as previously described (Das et al. 1994) . Briefly, for G genotyping a consensus primer, 9 con 1, whose sequence is conserved among the VP7 genes of serotypes G1 to G4 and G9 (GenBank accession numbers, K02033, M11164, U04350, M21650, and L14072) and five genotype-specific primers complementary to variable regions of the VP7 genes of the same serotypes were used, as follows: 9 Con 1 -TAGCTCCTTTT7AATGTATGG; G1-TCTTGTCAAAGCAAATAATG; G2 -GTTAGAAATGATTCTCCACT; G3 -GTCCAGTTIGCAGTGTTAGC; G4 -GGGTCGATGGAAAATTCT and G9 -TATAAAGTCCATFGCAC. The expected molecular sizes of the products of the primer pair were 158, 244, 466, 403, or 110 bp, respectively.
RESULTS
Fourteen human RV strains internally identified as HC10, HL14, HC20, HC27, HC30, HL37, HL47, HC49, HC65, HL72, HL73, HL81, HC84 and HC116 were adapted to grow in MA-104 cells, with the observation of typical cytopathic effect (CPE). After approximately three blind passages, infected cell cultures developed CPE 48 h pi. The earliest changes detected involved cell shrinkage and rounding, increase of cells with spindle-shaped cytoplasm, and this was followed by cell detachment from the monolayer. The maximum intensity of CPE was observed at approximately 96 h pi, with complete involvement of the monolayer and cells detachment.
Cell cultures infected with adapted strains were submitted to IFA. Extensive cytoplasmic perinuclear fluorescence was observed in infected cells consisting of granular fluorescent inclusions typical of RV infection ( fig. 01 ). Twelve isolated strains demonstrated the capacity to form plaques of irregular border ( fig.02 ). The strains (HC10, HL14, HC20, HC27, HC30, HL47, HC49, HC65, HL73, HC116) produced predominantly small plaques with an average of 0.07 mm in diameter, while the samples (HL37, HL72) produced predominantly large plaques with an average of 0.26 mm in diameter. The adapted strains yielded titer varying from 0.5x102 to 0.1x108 PFU/ml. Genome of 9 adapted strains was submitted for VP7 amplification by multiplex RT-PCR and 8 were characterized as genotype G1 and one could not be typed. 
DISCUSSION & CONCLUSION
In this work we reported the adaptation of wild human strains of RV in cell culture. Cell culture adaptation is a remarkable tool to get insight into many features of RV strains, such as, a) virus-cell interaction; b) strain cytopathogenicity in cell culture and its possible correlation with pathogenicity of the infection and c) the effect of the adaptation in the strain genotyping and genomic stability. Beyond these features, the broad sense knowledge of RV circulating strains is important for the establishment of an effective vaccine and to understand the event of wild strain replacement by the vaccine strain in the nature. Moreover, it is also important the detection by this methodology, unusual RV strains, evidence for RV interspecies barrier crossing (Pietruchinski et al. 2006) . The CPE of the isolates though characteristic was confirmed by IFA in that typical perinuclear and granular fluorescence was the hallmark. It is attributed to IFA higher sensitivity than enzyme immune assay for cell culture analysis (Guttman-Bass et al. 1987) . The isolates were also capable to produce plaques in MA-104 cells demonstrating the effective adaptation in accordance to previous results (Matsuno et al. 1977; Estes & Graham, 1980; Offit et al. 1983; Greenberg et al. 1986; Patton et al. 2001; Westerman et al. 2006) . Furthermore, we detected production of plaques with varied size that could represent difference in their cytopathogenicity, supposedly the underlying event for the selection of mutants. Plaque-size mutants may be considered one of the features for the search for vaccine strains. Using the RT-PCR approach we also demonstrated that cell culture adapted RV strains allowed amplification, and that G1 genotype was ratified, comparatively to previous results performed in original field samples (Pietruchinski et al. 2006) . Though the adapted RV strains were submitted to few passages in cell cultures (less than 50), our results could be interpreted as the maintenance of the genome integrity and also a demonstration of genome stability.
In conclusion, we adapted wild human RV strains in cell culture. This result allowed us the establishment of models for the study of biological and cytopathological characteristics of human RV strains. Search for vaccine strain candidates and insights into the pathogenicity of RV are features, amongst several practical approaches.
